Abstract: Aminolysis of N 3 P 3 Cl 6 by an oxodiamine, bis-(2-ortho-aminophenoxyethyl) ether, has been carried out under various experimental conditions and new products with different architectures have been obtained. The reaction in diethyl ether when using a Na 2 CO 3 -water interface process gives the mono-BINO as major product. Reaction on Al 2 O 3 /KOH leads to the spirocyclic compound, while, when the reaction is carried out in toluene in the presence of NEt 3 , a mixture of mono-and di-BINO products are obtained. 
Introduction
Cyclophosphazenes are important family of inorganic ring systems. There has been an ongoing interest in the chemistry of these compounds for many years, largely due to a variety of medicinal and industrial applications [1] [2] [3] [4] [5] . Among these compounds, the hexachlorocyclotriphosphazene has received most attention. The major reasons for this attention are the rich chemistry of substitution in the P-Cl bonds of chlorocyclophosphazenes by a variety of nucleophiles with associated stereo-and regiochemical effects, and the ring opening and polymerization of N 3 P 3 Cl 6 to linear dichlorophosphazene with subsequent nucleophilic reactions at phosphorus sites of the polymer [6] [7] [8] [9] [10] . In fact the reactions carried out on the halocyclophosphazenes to a large extent serve as models for similar reactions on the polymeric analogues [11] [12] [13] [14] . These polymeric materials have been intended for a variety of commercial applications. Substitution reactions of N 3 P 3 Cl 6 with difunctional reagents, such as diamines, diols, oxodiamines, etc., merit detailed study, in view of their relevance to the chemistry of phosphazene polymers with new properties [15] [16] [17] [18] . The reactions of N 3 P 3 Cl 6 with oxodiamines in various conditions have been investigated in recent decades with the aim of synthesizing cyclophosphazenic cryptands of interest for further design both of highly selective anticancer agents, and of materials with novel properties [19, 20] .
In general, the reactions of a typical difunctional reagent with N 3 P 3 Cl 6 can afford four types of products [14] . The spirocyclic product (SPIRO) is one where the two ends of the difunctional reagent are attached to the same phosphorus center. In the ANSA product the two ends of the difunctional reagent are attached to two different phosphorus centers. The open-chain compound is one where only one end of the difunctional reagent has reacted leaving the other end free for further reactions. Finally, the intermolecular-bridged products (BINO) are formed as a result of the difunctional reagent linking different cyclophosphazenes. In the present work, the aminolysis of N 3 P 3 Cl 6 by the oxodiamine, bis-(2-ortho-aminophenoxyethyl)ether (1) (Fig. 1) , has been carried out undervarious experimental conditions, and new products with different interesting architectures have been obtained. Our results are reported bellow. Macrocyclic Host Cyclophosphazenes from Aminolysis of N 3 P 3 Cl 6 by Bis-(2-ortho-aminophenoxyethyl)ether
Experimental Procedures

Materials and methods
All chemicals and solvents were purchased from the commercial sources. Oxodiamine (1) was prepared by the literature method [21] . IR spectra were obtained using a Shimadzu 470 spectrophotometer. The 1 H and 31 P NMR spectra were recorded with a Brucker DPZ250 spectrometer at 250.130 MHz and 101.254 MHz using TMS and H 3 PO 4 (85%) as references, respectively.
Aminolysis of N 3 P 3 Cl 6 by O(CH 2 CH 2 OPhNH 2 ) 2 in various media
Using diethylether / Na 2 CO 3 -water interface process
A solution of oxodiamine (0.5 g, 1.73 mmol) in diethyl ether (40 mL) and a solution of N 3 P 3 Cl 6 (1.2 g, 3.45 mmol) in ether (40 mL) were added simultaneously to a biphasic system containing ether (50 mL) and saturated aqueous Na 2 CO 3 (50 mL) during 4 -5 h at 0°C. The mixture was stirred at room temperature for 30 h. Then the organic phase was separated and dried by MgSO 4 . The solvent was evaporated and the oily residue was extracted with CH 2 Cl 2 . This residue was poured on a SiO 2 chromatography column and eluted using n-hexane / ethyl acetate (2 : 8). 
Using the solid phase process on Al 2 O 3 / KOH
Step 1: To a solution of KOH (11 g, 196 mmol) in water (250 mL) was added neutral alumina (50 g). The mixture was stirred for 5 min and the water was evaporated in vacuo. The powder was dried in oven at 70°C for 24 h and then maintained in desiccator.
Step 2: A solution of N 3 P 3 Cl 6 (0.40 g, 1.5 mmol) and oxodiamine (0.33 g, 1.15 mmol) in toluene (20 mL) was added to the solid Al 2 O 3 / KOH (3.5 g). The solvent immediately was removed in vacuo at room temperature. The resultant powder was washed with CCl 4 and then the unreacted N 3 P 3 Cl 6 was removed by n-hexane. The product was extracted from solid phase with acetonitrile (3 × 20 mL). The solution was evaporated to give 3 as a white solid. Yield 0.5 g (80% 2 J(P-P) = 50.0 Hz, 2 J(P-H) = 10.8 Hz, P(NHR) Cl], -3.92 (tt, 2 J(P-P) = 64.0 Hz, P(NHR) 2 ).
Results and discussion
Hexachlorocyclotriphosphazene was reacted with an oxodiamine, O(CH 2 CH 2 OPhNH 2 ) 2 (1), in different basic media. Depending on the experimental conditions, the different substituted products 2-4 ( Fig. 2) were obtained. The new compounds have been characterized by means of IR, 1 H and 31 P NMR spectroscopy. In the IR spectrum of the oxodiamine, two bands are observed at around 3350 and 3450 cm -1 , which are attributed to primary amine groups. The appearance of only one band (characteristic of secondary amines) in this region for the products provides evidence of the participation of both amine groups in the substitution reaction. Macrocyclic host cyclophosphazenes from aminolysis of N 3 P 3 Cl 6 by bis-(2-ortho-aminophenoxyethyl)ether
The NH 2 signal in the 1 H NMR spectrum of oxodiamine appears as a singlet at 3.58 ppm, whereas in the spectra of the products this signal shows a noticeable downfield shift and appears as a well resolved doublet due to coupling with the phosphorus atom. These data confirm the IR results and rule out an open-chain compound. The appearance of a doublet for the NH proton is an interesting feature because for most aminocyclophosphazenes the N-H resonances appear as unresolved humps and the coupling to the phosphorus nuclei can not usually be discerned. The reaction of N 3 P 3 Cl 6 and oxodiamine was also carried out in a heterogeneous reaction medium of diethyl ether and saturated aqueous solution of Na 2 CO 3 . Hydrogen chloride is captured from the organic phase by Na 2 CO 3 through the phase transfer mechanism. As found in earlier reports [22, 23] for diamine systems, we observed that mono-BINO derivative (2) is the major product in these conditions. The 31 P NMR spectrum of 2 ( Fig. 3a) shows a doublet at 22.31 ppm for PCl 2 units and a triplet of doublets at 13.31 ppm for the two P(NHR)Cl moieties. Additional weak resonances at δ -3.79 and 23.65 are also seen in the spectrum, which are assigned to a minor product. We favor the gem-di-BINO structure (4) for this compound, on the basis of evidence from comparison with the product from another reaction system described below. The reaction on Al 2 O 3 /KOH gives selectively the spirocyclic compound (3).
31 P NMR spectrum of 3 ( Fig. 3b) shows an A 2 X pattern corresponding to the two types of phosphorus atoms in the phosphazene rings. The spectrum includes a doublet at 23.62 ppm for PCl 2 and a triplet of triplet at 2.88 ppm related to spiro phosphorus. The reaction in toluene using NEt 3 as an HCl acceptor gives a mixture of 2 and 4 (50:50). The 31 P NMR spectrum of product (Fig. 3c) clearly shows the peaks corresponding to these two compounds. A doublet at 23.65 ppm for PCl 2 and a triplet of triplets at -3.92 ppm for P(NHR) 2 are related to gem-di-BINO (4) . Other lines at δ 22.32 (d) for PCl 2 and 13.32 (t) for P(NHR)Cl can be assigned to the mono-BINO (2).
Conclusions
The results reported here, in conjunction with earlier studies of similar systems [19] [20] [21] [22] [23] [24] [25] [26] , indicate that the reactions of long-chain oxodiamines with N 3 P 3 Cl 6 lead to macrocyclic host molecules, whose conformation, cavity size, and number of co-ordination sites depend drastically on experimental conditions. These cyclophosphazenic cryptands offer potential for design to act as selective anticancer agents or as catalysts. 
